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Abstract 
Recent earthquakes in Turkey (1999), Taiwan (1999) and Algeria (2003) demonstrated the catastrophic impact of 
such power upon urban cities. A great number of existing buildings in Algeria designed without seismic design 
criteria and detailing rules for dissipative structural behavior suffered damages which were far worse than that for 
newer buildings designed and built according to the more stringent seismic code rules. Thus, it is of critical 
importance that the structures that need seismic retrofitting are correctly identified, and an optimal retrofitting is 
conducted in a cost effective fashion. Among the retrofitting techniques available, steel braces can be considered as 
one of the most efficient solution for seismic performance upgrading of RC frame structures. This paper investigates 
the seismic behavior of RC buildings strengthened with different types of steel braces, X-braced, inverted V braced, 
ZX braced, and Zipper braced.  Static non linear pushover analysis has been conducted to estimate the capacity of 
three story and six story buildings with different brace-frame systems and different cross sections for the braces. It is 
found that adding braces enhances the global capacity of the buildings in terms of strength, deformation and ductility 
compared to the case with no bracing, and the X and Zipper bracing systems performed better depending on the type 
and size of the cross section. 
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1. Introduction 
Relatively speaking, seismic retrofitting of buildings is still a new activity for most of structural 
engineers. The retrofitting of a building requires an appreciation for the technical, economic and social 
aspects of the issue in hand. In recent years, steel bracing is commonly used to increase the seismic strength 
of RC framed structures either for rehabilitation of structures damaged by an earthquake or for 
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strengthening of an undamaged structure made necessary by revisions in structural design or loading codes 
of practice. Considering the ease of construction and the relatively low cost, steel bracing appears to be 
attractive compared to other conventional upgrading techniques such as adding concrete or masonry shear 
walls or base isolation systems. The bracing methods adopted fall into two main categories, namely (i) 
external bracing and (ii) internal bracing. In the external bracing system, existing buildings are retrofitted 
by attaching a local or global bracing system to the exterior frames. This method has been used by: 
(Sekiguchi et al 1988; Del Vall Calderon et al. 1988 and Badoux and Jirsa 1990). In the internal bracing 
method, the buildings are retrofitted by incorporating a bracing system inside the individual units or panels 
of the RC frames. Successful retrofits of existing buildings using different forms of X, V and K concentric 
and eccentric braces within steel frames have been reported (Higashi et al 1981; Kawamata and Ohnuma 
1981; Usami et al. 1988Sugano and Fujimura 1991; Ohishi et al. 1988; and Willy et al. 1991). 
2. Description of the Original Structures 
Two three story and six story RC buildings have been used in this study, figure 1. The slabs were 
represented in the structural model of the building using their weight in the gravity load case and as 
concentrated masses at all joint, the bay lengths are 4 m and the height is 3 m. The buildings were designed 
without seismic design criteria, and are located in high seismicity region with a peak ground acceleration of 
0.32g. The dimensions of the beam (30x 40) and of the columns (35x 35) for the two structures are similar 
and the reinforcement details are shown in Fig.2. 
 
 
 
 
          Fig. 1. Structural models.                               Fig.2. Reinforcements details. 
3. Bracing Models  
A variety of bracing configurations were considered, as shown in figure 3.The diagonal bracing is 
inherently obstructive to the architectural plan and can pose problems in the organization of internal space 
and traffic as well as in locating window and door openings. For this reason it is usually concentrated in 
vertical panel or V-inverted which provides an opening in middle of the story and is thus preferred by 
architects and owners over the concentrically braced option. Thus braced frames have traditionally not been 
considered a suitable system in high seismic areas unless the buckling and yielding are controlled in the 
design through the use of both bracing members with low slenderness both at the local and global levels, 
and large beam to sustain the unbalanced vertical forces resulting from braced buckling. 
To counteract the tendency of chevron-braced frames to form soft story mechanisms in the first floor, 
(Khatib et al. 1988) proposed the addition of zipper columns between the brace location at the mid-span of 
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floor beams. These zipper struts transfer the unbalanced vertical forces at this location induced by buckling 
of the braces into the stories above.  
 
3-X-braced                  3-V-inverted                3-Zipper-braced              3- ZX-braced            
 
6-X-braced                   6-V-inverted               6-Zipper-braced            6- ZX-braced 
Figure 4 Bracing models 
4. Results And Discussions   
4.1 Load capacity   
The strength defines the capacity of a member or an assembly of members to resist actions. This capacity 
is related to a limit state expressed by the stakeholder. 
 
  
Displacement (m) Tube 140           Displacement (m) Tube 140 
Compared to the bare frame, for the six storey building with the 140 Tube section, the capacity of ZX 
bracing, Zipper bracing, X bracing and inverted bracing systems is increased by a factor of 6.04, 5.24, 5.16 
and 4.47 respectively, while for the three story building, the capacity of the zipper bracing, ZX bracing, X 
bracing and inverted is increased by a factor of 16.1, 13.0, 9.1, 9.1 respectively. This indicates that the 
capacity of RC frames can be greatly enhanced through the addition of steel braces especially with the ZX 
and zipper systems and that the number of stories (dynamic characteristics of the structures) determines 
which system performs better. It is worth noting that for the six story building, with the increase of the 
Unbraced frame
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dimensions of the section, the ZX bracing system exhibits a decrease in strength compared to the other 
bracing systems. 
 
  
      Displacement (m) Tube 180               Displacement (m) Tube 180  
   
       Displacement (m) Tube 240               Displacement (m) Tube 240 
      a)                                     b)  
 Figure 5 Load capacity curves a) 6 story building b) 3 story building
4.2 Interstorey drifts 
The lateral deformability of structural systems is measured through the horizontal drift. In buildings, 
storey drifts ǻ are the absolute displacements of any floor relative to the base, while inter - storey drifts į 
define the relative lateral displacements between two consecutive floors. The inter – storey drifts are 
generally expressed as ratios į / h of displacement į to storey height h . Drifts of the roof ǻ normalized by 
the total height H of the building (roof drifts, ǻ / H ) are also used to quantify the lateral stiffness of 
structural systems. The addition of steel braces reduces the lateral drift especially in the first level for the 
three story building and in the second and third floor for the six story building. Since interstorey drift can be 
considered as a damage measure according to some authors it can be concluded that steel braces can be used 
to reduce the level of damage in RC structures. 
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Lateral drift (%)  Lateral drift (%) 
Figure 6 Inter-storey drifts 
4.3 Ductility 
Ductility is defined as the ability of material, component, connection or structure to undergo inelastic 
deformations with acceptable stiffness and strength reduction. Most structures are designed to behave 
inelastically under strong earthquakes for reasons of economy. The response amplitudes of earthquake - 
induced vibrations are dependent on the level of energy dissipation of structures, which is a function of their 
ability to absorb and dissipate energy by ductile deformations. 
The general analytical definition of displacement ductility is given below: 
                     (1) 
Where ǻu and ǻy are displacements at ultimate and yield points, respectively. The displacements ǻ may 
be replaced by curvatures, rotations or any deformational quantity. The ratio ȝ in equation (1) is referred to 
as ‘ductility factor’. Figure 7 presents the influence of the dimensions of the sections on the ductility of the 
structure, For  the 6 storey and 3 storey structures, the Zipper and inverted bracing systems result in higher 
ductility for small sections and with the increase of size of the section (TUBE-220 – 300) the ductility is 
decreased . For the 6 storey building, the influence of the small sections on ductility is negligible for the X 
and ZX bracing systems, however for increased section dimensions the ductility of the structure is 
decreased for the ZX bracing system and remains stable for the X bracing system. For the 3 storey building 
the influence of section dimensions on ductility is negligible for ZX and X bracing systems. This can be 
explained by the fact that when the section is small the structure yields higher ductility since the 
deformation is maximum causing a high capacity of dissipation of energy and for larger sections the 
ductility is generally small since the modulus of rigidity of the structure is large implying a small capacity 
of dissipation of energy.    
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  Tube Section (6 Story)                           Tube Section (3 Story)                                    
Figure 7 Ductility  
4.4 Influence of section type  
The lateral strength of structural systems is influenced by section properties. The area A and shape of 
cross sections affects both axial and shear capacity, while flexural ( I ) and torsional ( J ) moments of inertia 
influence flexural and torsional capacity, respectively. 
The capacity of bracing systems is increased when the dimensions of the sections are increased and the 
tube section performed better than other sections. The bracing system ZX with the tube section yields the 
highest capacity for the 6 storey building while for IPE and HEA in the 6 storey building and all the other 
sections in the 3 story building, the Zipper bracing system resulted in the highest capacity, see figure 8. 
          
Tube Section                                           Tube Section  
   
  HEA Section                                           HEA Section 
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IPE Section                                                   IPE Section  
Figure 8 Influence of section typ 
5. Conclusions 
In this paper, a numerical study was conducted to assess the behavior of braced RC frames using 
pushover analysis. The results obtained indicate that among existing seismic rehabilitation techniques, the 
use of braced RC frames as the main lateral load resistance system for RC structures is a promising 
technique. Adding steel braces enhances greatly the strength capacity of the buildings and depending on the 
dynamic characteristics of the buildings the ZX and the Zipper bracing systems are found to be the most 
efficient. The section type is seen to have a global influence on the deformation and ductility capacities of 
the buildings and the performance of the type of the bracing system.  
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